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& Accelerator Complex (Pol. Protons) 4

LINAC: Linear Accelerator
AGS: Alternating Gradient Synchrotron
RHIC: Relativistic Heavy lon Collider
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L Trajectory and Spin through Snakes &
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i’ ., Rotation Angles for aHelical Snake
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2 Helical Spin Rotators 2
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Rotation Angles for aHelical Spin Rotator
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2 Rotator Axes and Precession 2

To precess the spin from vertical into the
horizontal plane: y

sin 3 = sin p cos 6
cos ;t = —tan® 6
w € [90°,270°]
6 € [—45°,45°] U [135°,225°]

For longitudinal polarization want:

B = Gv X Opopx
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2 Compensation for D0-DX Bends 4
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2 Formulae for a Single Rotator Helix &

Parameters for a single RHIC rotator helix
Pitch: k=2, A=241m |+(—) for right(left)-handed|
— 4
k=1(14+Gv)B

Rotati L kz 4+ kZ
otation axis: n =
VK2 + k2
: 2
Precession angle: o = 27 (\/1 + (%) — 1)
BY 2
Transverse offset: Ax = g2t _94 B
p k p 27
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2 Scaling Snakes and Rotators to He3 &

Scaling of the field at maximum energy:

The maximum rigidity of the beams must the same: r,,x = % = 834 Tm

A
THe3 = Z’Yp

Want the same precession, so k must be the same.
14+ Gpp
1+ GHe3 "YHe3

AG,
~ ~ —(0.643
Z Ges

Snake excursion at injection rj,; = 81.1 Tm (for protons):

BHe3 ~ Bp

Ay — 3.2 cm, for protons
Y=\ —2.1 em, for Hed
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2 Comparison of Rotators for He3 and p 2
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L RHIC Spin Params for Diff. Species 4

D 2H—|— 3He—|—2 e~
m [GGV/CQ] 0.9382720 1.8756127 2.8083912 0.0005109989
G=(g—2)/2 1.79284734 | -0.1426177 -4.184 0.001159652
mc?/G [MeV] 523.3418 13156.49 671.2216 440.6485
(p/@)in; [Tm] 81.113 81.113 81.027
Utnj [GeV] 24.335 24.364 48.664
Ui /1 [GeV] 24.335 12.182 16.221
Yin; 25.9362 13.0034 17.3280
GYinj 46.500 -1.854 -72.500
(p/q)store [LTm] 833.904 833.904 833.904 33.356
Ustore |GeV] 250.000 250.005 500.004 10
Ustore/1 [GeV] 250.000 125.003 166.668 10
Vstore 266.4473 133.2926 178.0394 19569.54
GYstore 477.699 19.062 744.917 22.6938
BROOKHFIVEN CRHEIC

NATIONAL LABORATORY

Waldo MacKay

Jan., 2004




2 Depolarizing Resonances for Protons &
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£ Summary &

W Spin precession and orbit excursions in snakes and rotators should work for

protons eRHIC.
e Snakes the same for protons.
e If no “DODX” bends for IR, then fields in rotators are essentially con-

stant for all energies (like the snakes).

¢ He3 requires less field in snakes and rotators.
e Injection orbit excursions reduced.

S |G| max is higher for HeS.
o This needs to be investigated.
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2 Depolarization from Electron Coolers 2

, , i, Si Py, Sy
If we cool protons (or other light ions)

with the electron cooler at injection, there
can be depolarization due to the spin-flip in-

teraction between the electron and proton
beams.

e Need to calculate size of effect. i, hi as, hi

In principle, if the stable spin directions of the electron and proton beams
were aligned, then we might expect to see a “spin-cooling” effect which would

tend to polarize the protons to the same (or opposite) direction as the electron
beam. Equilibrium polarization:

_I_ —
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2 Problems: Transversity + Helicity &

e For the present design of electron coolers, the electrons are not polarized.

e If we had a polarized electron source, we could only consider || electrons in
the solenoid.
o Spin precession about solenoid axis for L electrons

dsS

ds
() =

x Q)

’BI»Q 031

(1 + G’}/)BJ_ + (1 + G)B”}

At injection 7ip; = 25.9, so for the electrons

q 1+ 0.00116
0 =-=(1+G)Byl ~ 30/ Tm]| ~ 680 rad
p LT GBIt = Gy ¢ 30 ra
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We could consider perhaps putting a proton rotator on each side of each
cooler at the cost of
e 4 x 1MS$ for rotators
e 2 X 11m of space for rotators leaving < 10m for the cooler solenoid in
a standard Q3—Q4 straight section.

e This would end up having the opposite effect for spin-up and spin-down
proton bunches unless the cooler polarization was alternated in sync with
the proton spin pattern.
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LeRHIC /ecooling aside: RHIC + H-Jet &

e Something which needs to be looked at for RHIC (no ecooling or eRHIC)
with the Hydrogen Jet Polarimeter is the effect on the proton beam polar-
ization from a polarized jet target (See earlier Refs.) Since we have a spin
pattern of opposite polarizations for different bunches, we could expect to
see a growing bias of the polarization levels of the opposite spins throughout
a fill.

e c.g.: spin-up polarization is larger than spin-down.

e Ordinary beam gas and electron clouds which should have no net polariza-
tion, may add to the general decay (equal for both signs) of polarization
throughout a fill.

e For physics which has a factor of merit of £LP#, small changes can make a
big effect.
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£ Summary &

Need to estimate effect on proton (or other ion) polarization from:
e Decay of polarization from electron cooling.
e Decay of polarization from beam gas and electron clouds.
e Asymmetric up-down effect of polarized hydrogen jet.

e Symmetric effect of unpolarized hydrogen jet.
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